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I. OBJECTIVE 

Union  Carb ide  Corpora t ion ,  P l a s t i c s  D i v i s i o n  has  
a g r e e d  t o  p rov ide ,  on  a l e v e l  of  e f f o r t  b a s i s ,  between 100.8 
and  106 .8  d i r e c t  man months of e f f o r t  t o  assist t h e  Jet= 
pulsXEiTCaboratory i n  t h e  development o f  a new or improved 
p o l y m e r i c  b i n d e r  f o r  advanced s o l i d  p r o p e l l a n t  and hybr id  
s o l i d  g r a i n s .  The d e t a i l e d  o b j e c t i v e s  are d e s c r i b e d  i n  
Q u a r t e r l y  Report  No. 1. 

11. SUMMARY 

A s m a l l ,  cont inuous ,  h igh  p r e s s u r e  t u b e  reactor 
w a s  u sed  t o  carry o u t  a series o f  ethylene-neohexene copoly- 
merizations u s i n g  DMAB as t h e  i n i t i a t o r .  T h e s e  exper iments  
demonst ra ted  t h a t  even i n  t h e  shor t  r e s i d e n c e  t i m e s  wh ich  
e x i s t  i n  t h e  t u b e  r e a c t o r  (1-2 minu tes ) ,  radicals  from DMAB 
d i s p r o p o r t i o n a t e  e x t e n s i v e l y  t o  y i e l d  t h e  hydrogen t r a n s f e r  
agent methyl i s o b u t y r a t e .  T h i s  compound is  b e l i e v e d  re- 
s p o n s i b l e  for t h e  monofunct iona l i ty  of  t h e  prepolymer made 
i n  b a t c h  and cont inuous  r e a c t o r s  u s i n g  DMAB. 

A very  promising route t o  a prepolymer of h i g h e r  
f u n c t i o n a l i t y  t h a n  a t t a i n a b l e  w i t h  DMAB o r  A I B N  i n i t i a t i o n  
is  b e i n g  examined. T h i s  i nvo lves  t h e  t e l o m e r i z a t i o n  o f  
e thylene/neohexene w i t h  CC14, which places a C 1  group on  
one  end of  t h e  molecule  and C C l 3  groups on t h e  o t h e r  end. 
Chemical m o d i f i c a t i o n  of t h e s e  telomers is i n  p r o g r e s s ,  
w i t h  t h e  goal t h e  conversion o f  a l l  t e r m i n a l  groups t o  
COOH 

Another  reaction sequence f o r  i n c r e a s i n g  f u n c t i o n -  
a l i t y  i n v o l v e s  t h e  use o f  o r g a n i c  d i s u l f i d e s  as c h a i n  t r a n s f e r  
agents.  I n  order to  app ly  t h i s  concept  t o  ethylene-neohexene 
copo lymer i za t ion  w e  have s y n t h e s i z e d  three symmetrical d i -  
s u l f i d e  compounds which c o n t a i n  ester f u n c t i o n a l i t y .  They  
are,  d i m e t h y l  'F, r ' - d i t h i o d i b u t y r a t e ,  di-L-butyl a , a ' - d i -  
t h i o  b i s  [ i s o b u t y r a t e ]  , a n d  d i m e t h y l  d i t h i o g l y c o l a t e .  
lene-neohexene copolymer iza t ion  s t u d i e s  i n  t h e  p re sence  o f  
t h e s e  t e l o m e r i z i n g  a g e n t s  are i n  p rogres s .  

E t h y -  

During t h e  nex t  q u a r t e r  t e l o m e r i z a t i o n  s t u d i e s  
w i t h  CCl4 and  t h e  d i s u l f i d e s  w i l l  b e  cont inued .  A s  s o o n  as  
p o s s i b l e  t h e  most promising of these approaches w i l l  be  
selected f o r  i n t e n s i v e  s tudy .  



ITI. SCOPE OF PROJECT 

The scope  o f  t h i s  work has no t  changed from t h e  pro- 
gram o u t l i n e d  i n  t h e  work s ta tement .  The expe r imen ta l  program 
is directed toward improving t h e  f u n c t i o n a l i t y  o f  t h e  pre-  
polymer. The a v a i l a b l e  b a t c h  a u t o c l a v e s  have been  supplemented 
by a s m a l l ,  con t inuous  r e a c t o r  which is now i n  use .  

I V .  INTRODUCTION 

I n  our  f o u r t h  q u a r t e r l y  report  v a r i o u s  fac tors  which 
might  a d v e r s e l y  i n f l u e n c e  t h e  a t t a i n m e n t  o f  s a t i s f a c t o r y  car- 
boxyl  f u n c t i o n a l i t y  l e v e l s  were examined c r i t i c a l l y .  The co- 
monomer, neohexene, w a s  ana lyzed  tho rough ly  for  t h e  p o s s i b l e  
p r e s e n c e  of c h a i n  t r a n s f e r  i m p u r i t i e s  ... none were found. 
The t i tr imetric procedure  f o r  de t e rmin ing  n e u t r a l i z a t i o n  
e q u i v a l e n t  w a s  altered t o  increase its p r e c i s i o n  and accu racy .  
T h e  p rocedure  f o r  measur ing  number a v e r a g e  molecu la r  we igh t  
i n  p o l a r  s o l v e n t s  w a s  found to  b e  more r e p r o d u c i b l e  t h a n  i n  
non-polar s o l v e n t s .  The p o s s i b i l i t y  t h a t  po lymer ic  a n h y d r i d e s  
were p r e s e n t  i n  t h e  p r e p o l y m e r  as a r e s u l t  of t h e r m a l  t r e a t m e n t  
d u r i n g  clean-up w a s  tested u s i n g  a s t a n d a r d  anhydr ide  a n a l y s i s .  
No anhydr ides  were d e t e c t e d .  

P r e l i m i n a r y  ev idence  w a s  p r e s e n t e d  t o  s u p p o r t  t h e  
c o n c l u s i o n  t h a t  DMAB i n i t i a t o r ,  on  decomposi t ion ,  y i e l d s  
radicals which d i s p r o p o r t i o n a t e  t o  some e x t e n t  t o  methyl  i s o -  
b u t y r a t e  and  m e t h y l  methacrylate. The former is a n  a c t i v e  
hydrogen  t ransfer  a g e n t .  Its p resence  i n  t h e  react ion medium 
would lower t h e  acid f u n c t i o n a l i t y  of t h e  r e s u l t i n g  prepolymer.  

These  results s u g g e s t e d  two expe r imen ta l  approaches  
which might  a v o i d  t h i s  problem. One invo lved  c a r r y i n g  o u t  t h e  
copo lymer i za t ion  under  con t inuous ,  s t e a d y  s t a t e  c o n d i t i o n s  for  
short  r e s i d e n c e  t i m e s .  Th i s  approach  is v e r y  e f f e c t i v e  i n  
r e a c t i o n s  which are affected a d v e r s e l y  by s i d e - r e a c t i o n  pro- 
d u c t s  which accumula te  w i t h  t i m e .  The second approach  is more 
radical i n  t h a t  i t  i n v o l v e s  t he  u s e  of c h a i n  t r a n s f e r  agents 
s u c h  as CCl4 and  o r g a n i c  d i su l f ides  which do n o t  undergo 
hydrogen t r a n s f e r  reactions.  These  t w o  approaches  are con- 
s i d e r e d  i n  t h e  succeeding pages of t h i s  r e p o r t .  

- 2 -  
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A. P r e p a r a t i o n  of Ethylene-Neohexene Copolymers i n  t h e  Continuous 
T u b u l a r  R e a c t o r  - DMAB I n i t i a t o r  

L a s t  quarter we reperted the resiilts Gbtairred when 
d i m e t h y l  a z o b i s i s o b u t y r a t e  (DMAB) was used  as  i n i t i a t o r  for 
b a t c h  copo lymer i za t ions  o f  e t h y l e n e  and neohexene i n  t h e  
s t i r red a u t o c l a v e  reactor. These p r o d u c t s  had l o w  oxygen 
f u n c t i o n a l i t i e s  as o b t a i n e d ,  and  a f te r  h y d r o l y s i s ,  y i e l d e d  
mater ia ls  c o n t a i n i n g  one  carboxyl  group p e r  molecule .  T h i s  
w a s  e x p l a i n e d  on t h e  b a s i s  of a hydrogen t r a n s f e r  mechanism 
i n v o l v i n g  methyl  i s o b u t y r a t e  formed from t h e  d i s p r o p o r t i o n -  
a t i o n  o f  i n i t i a t o r  r a d i c a l s .  

To determine i f  a product  o f  h i g h e r  f u n c t i o n a l i t y  
c o u l d  b e  p repa red  under  cont inuous  p o l y m e r i z a t i o n  c o n d i t i o n s ,  
w e  have s t u d i e d  t h e  copo lymer i za t ion  o f  e t h y l e n e  and  neohexene 
i n  a s m a l l  t u b u l a r  r e a c t o r  employing DMAB as  i n i t i a t o r .  

I n  t h i s  p r o c e s s ,  comonomers and i n i t i a t o r  are  f ed  
unde r  p r e s s u r e  i n t o  one end o f  t h e  t u b u l a r  reactor ,  which con- 
sists o f  from one t o  f o u r  steel  a l l o y  t u b e s  i n  series (each  is 
3/16 i n .  I . D .  x 1 2  f t .  l o n g ) .  The r e a c t a n t s  are  b rough t  up t o  
t h e  r e q u i r e d  p o l y m e r i z a t i o n  t empera tu re  as t h e y  p a s s  th rough  a 
h e a t e d  s e c t i o n  of t h e  r e a c t o r .  P o l y m e r i z a t i o n  o c c u r s  through-  
o u t  t h e  remainder  o f  t h e  tube  and  t h e  r e s u l t i n g  polymer and 
u n r e a c t e d  monomers are discharged from t h e  e x i t  end o f  t h e  
reactor t o  b e  worked up a s  r e q u i r e d .  

T a b l e  I summarizes t h e  results o b t a i n e d  i n  these 
expe r imen t s .  

Runs 66 ,  67 ,  68, 78, 79 and 80 were a l l  r u n  a t  con- 
s t a n t  composi t ion  and a t  a j a c k e t  t e m p e r a t u r e  of 151°C; how- 
e v e r ,  t h e  o p e r a t i n g  p r e s s u r e  w a s  v a r i e d .  The h i g h e s t  con- 
v e r s i o n s  and molecular  w e i g h t s  were o b t a i n e d  a t  30,000 p s i .  
I n  r u n s  85 and 86 less DMAB was used ,  These r u n s  gave h ighe r  
m o l e c u l a r  weights  and lower conve r s ions  a s  w e  had expec ted .  
Runs 81 and  84-B were i d e n t i c a l  t o  t h e  f i rs t  s i x  r u n s  e x c e p t  
t h e y  were done a t  t h e  h i g h e r  j a c k e t  t e m p e r a t u r e s  o f  171 and 
191"C, r e s p e c t i v e l y .  Higher c o n v e r s i o n s  and  molecu la r  we igh t s  
were o b t a i n e d  i n  these r u n s .  

The f u n c t i o n a l i t i e s  r e p o r t e d  f o r  t h e  p r o d u c t s  were 
c a l c u l a t e d  from t h e  oxygen c o n t e n t  and t h e  number a v e r a g e  
m o l e c u l a r  we igh t ,  and are  e q u i v a l e n t  t o  t h e  number o f  0 2  u n i t s  
p e r  molecule .  With t h e  excep t ion  of run  81, t h e  f u n c t i o n a l i t i e s  
are s imi la r  t o  t h e  f u n c t i o n a l i t i e s  o b t a i n e d  w i t h  DMAB i n  t h e  

- 3 -  
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s t i r r e d  a u t o c l a v e :  no t  much above one per  molecule .  I n  Run 81, 
however, t h e  f u n c t i o n a l i t y  was over  t w o  02 per  molecule .  T h i s  
p a r t i c u l a r  run  was made a t  a j a c k e t  t empera tu re  o f  1 7 1 O C  and a t  
30 ,000  p s i  p r e s s u r e .  

The product  from run 81 was t h e n  s a p o n i f i e d  and con- 
v e r t e d  t o  t h e  -COOH terminated l i q u i d  copolymer. An incompa t ib l e  
water s o l u b l e  f r a c t i o n  was s e p a r a t e d  from t h e  hydrolyzed product  
d u r i n g  work up, b u t  w a s  n o t  f u r t h e r  c h a r a c t e r i z e d .  The main  pro- 
d u c t ,  o b t a i n e d  i n  64% y i e l d  w a s  ana iyzed  and found t o  have a 
number ave rage  molecular  weight o f  877 ( i n  t e t r a h y d r o f u r a n  by 
vapor  phase osmometry) and a n e u t r a l i z a t i o n  e q u i v a l e n t  of 902. 
One i n f e r s  from these r e s u l t s  t h a t  on t h e  ave rage  t h e r e  is 
0.97  -COOH group pe r  molecule. The  e l e m e n t a l  oxygen a n a l y s i s  
of 4.18 w t .  % g i v e s  s u p p o r t  t o  t h i s  i n f e r e n c e ,  showing t h e  
presence  o f  1.15 02 u n i t s  per molecule .  

o ther  runs  because  o f  t h e i r  l o w  oxygen f u n c t i o n a l i t i e s .  
N o  f u r t h e r  work is planned on t h e  p roduc t s  from t h e  

T h i s  s t u d y  has  shown t h a t  t h e  t u b u l a r  reactor is a n  
e f f e c t i v e  t o o l  f o r  p repa r ing  copolymers o f  e t h y l e n e  and neo- 
hexene i n  a cont inuous  process .  Good control  o f  molecular  
weight  and product  comonomer composi t ion h a s  been achieved .  
However, u s i n g  DMAB i n i t i a t o r ,  w e  have not  a t t a i n e d  a s i g n i f i -  
c a n t  improvement i n  t h e  f u n c t i o n a l i t y  of  t h e  copolymers from 
t h e  t u b u l a r  r e a c t o r  as compared w i t h  copolymer p repa red  by 
t h e  b a t c h  p rocess  i n  t h e  st irred a u t o c l a v e .  From t h e s e  r e s u l t s  
i t  c a n  be  assumed t h a t  t h e  r a d i c a l s  from DMAB decomposi t ion 
d i s p r o p o r t i o n a t e  q u i t e  r a p i d l y  and e x t e n s i v e l y  t o  m e t h y l  iso- 
b u t y r a t e  and methyl me thac ry la t e .  

B. S y n t h e s i s  or' DTAB 

Of 
I1 
I1 

B r  

A key i n t e r m e d i a t e  i n  t h e  proposed s y n t h e s i s  o f  t h e  
d i - t e r t i a r y - b u t y l  ester o f  a z o b i s i s o b u t y r i c  a c i d  (DTAB) is t h e  
tertiary-butyl ester o f  a-bromoisobutyr ic  acid ( I )  I w a s  pre-  
pared i n  good y i e l d  by t h e  r o u t e  p r e v i o u s l y  o u t l i n e d .  Reac t ion  

I w i t h  anhydrous hydrazine gave t h e  monosubs t i tu ted  hydraz ine  
as t h e  s o l e  product .  No f u r t h e r  s u b s t i t u t i o n  o c c u r r e d  when 
was treated w i t h  a n  excess  o f  I .  

0 
// CH3 

I 
0 

// CH3 
I 

NH2NH2 NH2 - NH - C - C .  CH3 - \ / I 
\ 

0 - C - CH3 

- c - c  CH3 
I \ / 

\ 
0 - c - CH3 + HBr C H 3  CH3 

CH3 

I 
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Bromoester I f a i l e d  t o  react w i t h  aqueous ammonia t o  
g i v e  t h e  amino ester 111. I11 might a lso have been s u b s e q u e n t l y  

I + NH40H 

DTAB 

CH3 

CH3 I c = PU 

\ - “3 

CH3 

I1 I 

c o n v e r t e d  t o  DTAB, v i a  o x i d a t i v e  c o u p l i n g  o f  t h e  amino groups .  
No f u r t h e r  a t tempts=  s y n t h e s i z e  DTAB are planned.  

C.  P r e p a r a t i o n  of  T e r m i n a l l y  D i f u n c t i o n a l  Copolymers o f  E t h y l e n e  
a n d  Neohexene Using  Carbon T e t r a c h l o r i d e  as Telogen 

The l i t e r a t u r e  con ta ins  numerous references 2-6 t o  t h e  
u s e  o f  carbon t e t r a c h l o r i d e  as a c h a i n  t ransfer  a g e n t ,  o r  
t e l o g e n ,  i n  t h e  free r a d i c a l  t e l o m e r i z a t i o n  of o l e f i n s ,  n o t a b l y  
e t h y l e n e .  When a n  o l e f i n  is treated w i t h  carbon t e t r a c h l o r i d e  
i n  t h e  p re sence  o f  a s o u r c e  of  free r a d i c a l s ,  t h e  f o l l o w i n g  c h a i n  
react ion is set up: 

/ I /  - Et-c-c- \ 

/ \ I \  
R e  + P = P  

b b  

I /  \ I  I I  I /  
R - C - C .  + C-C *__t- R - - ( - C - C - ) - C - C =  

I \ /  \ n t i m e s  I ‘ n ~  
I I  I /  I 1  

R- (C-C)- C - C *  + C1- CC13- R- 
I In  1 \ I I n + l  

C-C-) -Cl  + CC13* 

\ / 
C C l i  + c-c 

/ ‘  

I /  
CC13-  c- c*  

I \  

The n e t  r e s u l t  of  t h i s  free r a d i c a l  c h a i n  reaction is 
t h e  formation of a large number of molecules c o n t a i n i n g  t w o  

- 6 -  



f u n c t i o n a l  groups  d e r i v e d  from CC14: 

C C 1 3  - ( - c - c - )  - c1 
I I n  

And a s m a l l  number c o n t a i n i n g  one  f u n c t i o n a l  
t h e  i n i t i a t o r :  

I I  I 

I I n  I 
C l - ( - C - C - )  - R OR H - ( - C -  

g roup  d e r i v e d  

I 

I n  
c -) - CC13 

from 

The a v e r a g e  v a l u e  o f  n ,  c a l l e d  DFn, t h e  number 
a v e r a g e  d e g r e e  o f  po lymer i za t ion ,  is g i v e n  by t h e  f o l l o w i n g  
s i m p l e  expres s ion* :  

[MI where [M] is t h e  concent ra t ion  - o f  t h e  monomer, [SI is t h e  con- 
c e n t r a t i o n  o f  t e l o g e n ,  and C is 

t h e  "cha in  t r a n s f e r  c o e f f i c i e n t . "  C is t h e  ra t io  between t h e  
r a t e  c o n s t a n t  of t h e  c h a i n  t r a n s f e r  reaction and t h e  ra te  con- 
s t a n t  o f  t h e  p r o p a g a t i o n  r e a c t i o n :  

m n  

C E  K t  

KP 

I n  t h e  p a r t i c u l a r l y  s i m p l e  case where  Kt = K and 
C E  1, t h e  DPn 
t e l o g e n ,  and  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  t h e  t e l o g e n  t o  t h a t  
of monoiiier will remaiil c o n s t a n t .  

is g i v e n  by t h e  molar r a t i o  o f  t h e  monoger t o  

I f  C # 1, t h e  c o n c e n t r a t i o n  r a t i o  

w i l l  change d u r i n g  t h e  run.  [MI [SI 
T h i s  can  be avoided b y  add ing  a d d i t i o n a l  material  

t o  t h e  r e a c t o r  t o  m a i n t a i n  t h e  r a t i o  a t  some c o n s t a n t  v a l u e .  

Carbon tetrachloride has been used  i n  t h e  telomeri- 
z a t i o n  of e t h y l e n e  t o  p repa re  a v a r i e t y  o f  low molecu la r  weight  
a , a , n , e t e t r a c h l o r o a l k a n e s ,  and when Fpn is  be tween  2 and 8 ,  
these compounds have been c o n v e r t e d  i h t o  a v a r i e t y  o f  d i f u n c t i o n a l  
chemical i n t e r m e d i a t e s 3 ,  4 ,  5 e  The c h a i n  t r a n s f e r  coef f ic ien t  for 
e t h y l e n e  t e l o m e r i z a t i o n  by CCl4 is 3.2 f o r  c h a i n  l e n g t h s  o f  3 
and  h ighe r .  6 

*See r e f e r e n c e  6 ,  C h a r t  4. 
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Neohexene has  been reacted w i t h  CC1  i n  t h e  p resence  of  
benzoyl  pe rox ide  t o  g i v e  a 1:l adduct .  
s t r u c t u r e :  7 

The a%duct  has  t h e  

t-Bu 
- \  

/ 
Ci 

H - C - CH2 - C C l 3  

T h i s  shows t h a t  t h e  
bulky CC13* radical 
prefers t o  add t o  t h e  
less  s u b s t i t u t e d  end 
of t h e  double  bond. 

No s t u d i e s  of  t h e  co - t e lomer i za t ion  of  e t h y l e n e  w i t h  
neohexene have been reported.  

We have completed a series of co - t e lomer i za t ion  r u n s  
u s i n g  carbon t e t r a c h l o r i d e  a s , t h e  t e l o g e n  i n  t h e  p re sence  of a 
s m a l l  amount o f  DMAB i n i t i a t o r .  These  experiments  were carried 
o u t  i n  t h e  small s t i r red  au toc lave .  A l l  t h e  reactants were 
charged a t  t h e  beginning  o f  t h e  run.  The r e a c t i o n  c o n d i t i o n s  
u s e d  and  t h e  r e s u l t s  ob ta ined  from these runs  are summarized i n  
T a b l e  11. The  on ly  parameter which was changed d u r i n g  these 
four r u n s  is t h e  mole r a t i o  of carbon t e t r a c h l o r i d e :  Monomers. 

A s  w e  had expec ted ,  t h e  Mn of t h e  r e s u l t i n g  te lomer  
w a s  s t r o n g l y  dependent upon t h e  mole r a t i o  of carbon tetra- 
ch lo r ide  used  i n  t h e  run.  An approximate deg ree  o f  polymeri-  
z a t i o n  w a s  c a l c u l a t e d  from t h e  P n  f o r  each run ,  assuming one 
C C 1  pe r  c h a i n  and a n  average  monomer u n i t  weight  of 44 (The  

compos i t ion  o f  t h e  polymer iza t ion  mix tu re  t o  r e s u l t i n g  co- 
polymer composition) . P l o t t i n g  1 m n  vs  [SI /[MI for each 
of t h e  f o u r  r u n s ,  a s t r a i g h t  l i n e  plotwas obta ined  (See 
F i g u r e  I) having a s l o p e  of 8 . 9 .  T h i s  is t h e  appa ren t  c h a i n  

composi t ion .  The a c t u a l  curve f a l l s  o f f  t h e  s t r a i g h t  l i n e  a t  
l o w  [S] / [M] . Whether t h i s  r e p r e s e n t s  exper imenta l  u n c e r t a i n t y ,  
or a growing importance o f  cha in  t r a n s f e r  t o  DMAB decomposi t ion 
p roduc t s , canno t  be determined wi thout  f u r t h e r  expe r imen ta t ion .  
The  l a t t e r  h y p o t h e s i s  is c e r t a i n l y  more c o n s i s t e n t  w i t h  t h e  
lower  C12 f u n c t i o n a l i t i e s  which r e s u l t e d  i n  runs  90 and 63. 

l a t  4; er based upon our  earlier N.M.R. f i n d i n g s  r e l a t i n g  t h e  

& -  ~ ~ a l i s f e r  c o e f f i c i e n t  for  t h i s  p a r t i c u l a r  coiiionorner charge 

E l e m e n t a l  c h l o r i n e  and oxygen a n a l y s e s  combined w i t h  
t h e  number average  molecular  weight (benz ine ,  V.P.O.) allows 
u s  t o  c a l c u l a t e  Cl2 (average  of C 1  and CC13) and 0~ f u n c t i o n a l i -  
t ies .  The  sum of these f u n c t i o n a l i t i e s  is  t h e  num er of 
p o t e n t i a l l y  u s e f u l  groups per molecule  a v a i l a b l e  f o r  chemical 
t r a n s f o r m a t i o n .  These polymers presumably c o n t a i n  a n  e q u a l  
number o f  C 1  and CC1 groups d e r i v e d  from CCl4 as w e l l  as some - C02CH3 groups and ?! u n c t i o n l e s s  ends.  The lat ter are d e r i v e d  
from carbomethoxy i s o p r o p y l  radicals and their d i s p r o p o r t i o n a -  
t i o n  products .  
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TABLE I1 

Run No. 23EMS 

CC14 TELOMERS OF NEOHEXENE-ETHYLENE 

63 

CH-rnE : I 
Mol Rat i o  CClL/Monomers, 
Carbon Tetrachloride,  gms. 
Neohexene , gms . 
DMAB, gms. 
Ethylene , r r g m s .  

REACT ION CONDITIONS 
Temperature, O C  

Pressure, p s i  
Maximum 
Fina l  

React ion Time , hours 

PRODUCTIVITY 
Yield, gms. 
Conversion, % 

On Monomers 
On CC14 

Rate, %/hr. (on M) 

PHYSICAL PROPERTIES 
Molecular Weight 
Brookf i e ld  V i s . ,  cps 
Specif ic  Vis, 8OoC 
w t .  % c1 
w t .  % 0 
Functionali ty ( C l )  

(0) 

Total  
D i s t i l l a t e ,  w t .  gms. 
(50"/55 mm t o  125"/2 mm) 
Description, Copolymer 

0 . 0045 
12.5 
718.0 
0.491 
265.6 

90 

15 , 000 
12 , 750 
3.38 

62 

5.03 
100 
1.49 

668 
2810 
0.0294 
18.56 
0.50 
1.748 
0.104 

1.852 

9 
Pale, ye 

- 

64 

0.009 
24.8 
714.4 
0.489 
264.2 

90 

15 , 000 
12 , 500 
4.35 

82 

6.1 
90.7 
1.4 

5 12  
1100 
0.0209 
25.26 
1.28 
1.824 
0.205 

2.029 

7 

- 

low o i l  - 

65 

0 . 018 
49.1 
707.2 
0.484 
261.5 

90 

15 , 000 
12 , 000 
4.43 

104 

-10.7* 

2.7 

373 
184 
.0140 
34.92 
.55 
1.84 

06 

1.90 
- 

90 

.003 
8.3 
7 18 
0.492 
265 

90 

15 , 000 
13 , 500 
4.35 

58 

5.9 

1.4 

93 1 
22,100 
0.034 
12.82 
.48 
1.68 
.01 

1.69 

Dwhite 
hazy 
o i l  --------- 
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Chemical m o d i f i c a t i o n  o f  t h e s e  t e l o m e r s  is i n  p r o g r e s s .  
The goal is c o n v e r s i o n  of a l l  t e r m i n a l  g roups  t o  carboxyl groups.  
P l anned  t r a n s f o r m a t i o n s  i n c l u d e  t h e  f o l l o w i n g  sequence  which w i l l  
r esu l t  i n  a d i c a r b o x y l i c  a c i d  when carried out :  

R 
HNO I 

N Z  C - ( CH - CH2 ) CC13 3 
n H20 

0 R 0 
I 4 

C - ( CH - CH2) - C 
\\ 

/ n /  
HO OH 

D. D i s u l f i d e s  as Telogens  

I t  h a s  been r e p o r t e d  t h a t  d i s u l f i d e s  can s e r v e  as  
a c t i v e  c h a i n  t ransfer  agents  i n  f r e e  r a d i c a l  po lymer i za t ions .  
Dinaburg and  Vansheidt8 examined a v a r i e t y  of mercaptans  and 
d i s u l f i d e s  as c h a i n  transfer agents  i n  t h e  p o l y m e r i z a t i o n  of 
styrene a t  100'C. Simple d i a l k y l  d i s u l f i d e s  had c h a i n  t r a n s -  
fer coe f f i c i en t s  from .005 to  .01, whereas f o r  some d i s u l f i d e s ,  
s u c h  as t h e  d imethyl  ester of  d i t h i o g l y c o l i c  a c i d  ( I ) ,  he  
r e p o r t s  v a l u e s  as  h i g h  as 0.1: 

0 
\\ 

/ \ 
C - CH2 - S - S - CH2 - C 

CH3 - 0 0 - CH3 

I 

Stockmayer,  Howard, and Clarke'  r e p o r t  t h a t  i n  t h e  
p o l y m e r i z a t i o n  of v i n y l  acetate, d i -2-buty l  d i s u l f i d e  has  a 
c h a i n  t r a n s f e r  c o e f f i c i e n t  of  1 and t h a t  t h e  d i e t h y l  ester 
o f  d i t h i o g l y c o l i c  a c i d  has  a c o e f f i c i e n t  o f  1.5. I n  a d d i t i o n ,  
t h e y  r e p o r t e d  t h a t  t h e  cyc l i c  d i s u l f i d e  l -oxa -4 ,5 -d i th i acyc lo -  
h e p t a n e ,  11, a c t u a l l y  copolymerized w i t h  t h e  v i n y l  acetate. 
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E 
8 
I 
1 

‘ I  
I 
I 
I 
8 
I 
8 
I 
I 
I 
1 
I 
I 
I 
8 

,s-s 
\ 

CH2 \ 7H2 
T T  
A,* 

A polymer  which t h e y  prepared had a 131Jn of about  90 and had 
i n c o r p o r a t e d  about  9 d i s u l f i d e  u n i t s  per  molecule.  These  
r e s u l t s  were s u b s t a n t i a t e d  b y  Tobolsky and B a y s a l l O  who were 
ab le  t o  copolymerize I1 w i t h  S t y r e n e .  

The  r e s u l t s  i n d i c a t e d  t h a t  t h e  fo l lowing  c h a i n  
t ransfer  r e a c t i o n s  occur  when a d i s u l f i d e  is p r e s e n t  i n  a 
free rad ica l  polymer iza t ion :  

I * + M + I - M *  

I - ( M )  - M .  + R - S - S - R 
n 

I - ( M ) - S - R  + * S - R  
n + l  

R - S * + M d  R - S - M e  

R - S - M e  + nM-> + R - S - (M) - M .  
n 

R - S - ( M )  - M a  + R - S - S - R -  
n 

R - S - ( M ) - S - R  + O S - R  
n+ 1 

I f ,  as shown above, t h e  d i s u l f i d e  is acyclic,  telomers 
c o n t a i n i n g  t w o  s u l f u r  atoms pe r  molecule  r e s u l t .  If t h e  d i -  
s u l f i d e  is c y c l i c ,  a h igh  polymer c o n t a i n i n g  t w o  s u l f i d e  l i n k s  
f o r  eve ry  c h a i n  t r a n s f e r  s t e p  results. I n  the latter case, ths chain 
t r a n s f e r  r e a c t i o n  is in t ra -molecular  rather t h a n  in t e r -molecu la r .  
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I n  o r d e r  t o  app ly  t h e  d i s u l f i d e  c h a i n  t r a n s f e r  reaction 
t o  ou r  problem, w e  p repared  s e v e r a l  d i s u l f i d e s  c o n t a i n i n g  ester 
f u n c t i o n s .  We reasoned  t h a t  i f  d i s u l f i d e s  were effect ive t r a n s f e r  
agents  f o r  e thylene-neohexene  copolymers, t h e  r e s u l t i n g  ester 
t e r m i n a l  groups could  b e  simply and e f f i c i e n t l y  conve r t ed  t o  t h e  
d e s i r e d  carboxyl  group. We prepa red  t h e  fo l lowing  d i s u l f i d e s :  

CH3 - 0 
I11 

Dimethyl T, F - d i  t h i o d i b u t y r a t e  

CH, / \ 
3 

0 - CH3 

Di- t -buty l  - o(,dq - d i t h i o b i s  [ i s o b u t y r a t e ]  

D i m e t h y l  D i t h i o g l y c o l a t e  

I11 w a s  p repared  by  e s t e r i f y i n g  c o m m e r c i a l l y  a v a i l a b l e  
d i t h i o d i b u t y r i c  a c i d  w i t h  methanol ic  HC1.  The r e s u l t i n g  d imethyl  
ester b o i l e d  a t  193°C a t  2.0mm. I t  w a s  a p a l e  straw l i q u i d  w i t h  
a f a i n t  peppery odor .  

IV w a s  p repared  by t r e a t i n g  te r t -buty lo( -bromoiso-  
b u t y r a t e  w i t h  a n  excess  o f  sodium disuITEle .  The r e s u l t i n g  
d i s u l f i d e  b o i l e d  a t  150-155OC a t  2-3mm. I t  was a c o l o r l e s s  
o i l  w i t h  a f a i n t  g a r l i c  odor. t e r t - B u t y l  o<-bromoisobutyra te  
w a s  on  hand as  a n  i n t e r m e d i a t e  i n h e  s y n t h e s i s  of DTAB (See 
p a r t  B, t h i s  r e p o r t ) .  
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1 
1 
I 
I 

I 
I 
t 
I 
t 
I 
I 
I 
8 

v w a s  p repared  b y  e s t e r i f y i n g  commercially a v a i l a b l e  
fh ioglycol ic  acid w i t h  methanol ic  H C 1  and o x i d i z i n g  t h e  r e s u l t i n g  
mercap to -es t e r  t o  t h e  d i s u l f i d e  u s i n g  d i m e t h y l  s u l f o x i d e  as  
o x i d a n t :  

0 0 
\ II 

/ 
CH3 - S - C H 3  2 C - CH2 - SH + 

CH30 

0 0 

C - CH2 - S - S - CH2 - C 
\ / 
/ \ 

____Lf 

V 
WH3 

+ H20 + C H 3  - S - CH3 

T h e  product  b o i l e d  a t  119-120°C a t  1.4mm. I t  w a s  a 
p a l e  straw l i q u i d  w i t h  a s t r o n g  g a r l i c  odor .  

As soon as  t h e  d i s u l f i d e  t e l o g e n s  were a v a i l a b l e  w e  
started t e l o m e r i z a t i o n  s t u d i e s  i n  t h e  1 .5  I_ s t i r r e d  a u t o c l a v e .  
T h e  r e s u l t s  of these experiments  a r e  summarized i n  table  111. 

The  low polymer iza t ion  ra te  f o r  t h e  runs  shown i n  
t a b l e  I11 is  p a r t l y  due t o  t h e  low i n i t i a t o r  ( D U B  o r  DTBP) 
c o n c e n t r a t i o n  used ,  b u t  may a l so  r e f l e c t  a l o w  e f f i c i e n c y  of 
d i s u l f i d e s  I11 and I V  as t e l o g e n s ,  i .e . ,  t h e y  may ac t  as 
retarders. T h i s  would b e  t h e  case i f h e  r e a c t i o n  between a 
radical  and t h e  d i s u l f i d e  ( t o  produce a s u l f i d e  t e rmina ted  
c h a i n  and a s u l f i d e  r a d i c a l )  were r a p i d ,  b u t  i n i t i a t i o n  o f  a 
subsequent  polymer c h a i n  by t h e  r e s u l t i n g  s u l f i d e  radical  
were s l o w .  

P r e l i m i n a r y  analyt ical  data i n d i c a t e  t h a t  t h e  
f u n c t i o n a l i t i e s  o b t a i n e d  i n  t h e s e  r u n s  were low. T h i s  w i l l  
b e  d i s c u s s e d  i n  a l a te r  r e p o r t  when t h e  a n a l y s e s  are complete.  

Telomerization s t u d i e s  w i l l  c o n t i n u e  u s i n g  d i s u l f i d e  
t e l o g e n  V. 
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E. Res idua l  Non-COOH F u n c t i o n a l i t y  i n  Hydrolyzed P roduc t s  
Der ived  from A I B N  

I n  p a r t  B of t h e  technical  d i s c u s s i o n  of  o u r  t h i r d  
q u a r t e r l y  r e p o r t ,  w e  r e p o r t e d  t h e  a n a l y t i c a l  d a t a  o b t a i n e d  upon 
some molecular  d i s t i l l a t i o n  f r a c t i o n s  d e r i v e d  from a hydrolyzed 
copolymer prepared  w i t h  A I B N  i n i t i a t o r .  I n  t h a t  d i s u c s s i o n  w e  
i n t e r p r e t e d  t h e  data t o  i n d i c a t e  t h e  p re sence  of oxygen-containing 
f u n c t i o n a l  groups o t h e r  than  carboxyl .  The l o w  n i t r o g e n  l e v e l  
remain ing  i n  these samples  (between 1 /4  and 1 /2  n i t r o g e n  pe r  
molecule)  sugges t ed  t ha t  a t  least  p a r t  of t h e  oxygen could  b e  
p r e s e n t  i n  a n  amide s t r u c t u r e  d e r i v e d  from a ketene-imine end 
group by s o l v o l y s i s :  

/ CH3 0 / CH3 

\ 
CH3 

I \ 
C4H9 CH3 

P = polymer cha in .  

However more excess  oxygen was p r e s e n t  t h a n  could  b e  accounted 
f o r  by t h i s  e x p l a n a t i o n .  

T a b l e  I V  summarizes t h e  earlier r e s u l t s  and shows 
t h a t  t h e r e  are about  twice a s  many excess oxygen atoms per  
molecule as there are r e s i d u a l  n i t r o g e n  atoms pe r  molecule.  
T h e  t tcomposi te  sample" is simply a weighted average  of t h e  
p r o p e r t i e s  o f  t h e  f i v e  d i s t i l l a t i o n  f r a c t i o n s  and t h e  r e s i d u e .  
I f  a l l  t h e  n i t r o g e n  i n  t h i s  sample is p r e s e n t  as  amide, i t  
c o n t a i n s  o n l y  t h e  a v e r a g e - . 8  COOH groups,  -.4 amide groups 
and m . 3  o t h e r  oxygen f u n c t i o n s  (probably  hydroxyl) p e r  mole- 
c u l e .  T h i s  adds  up t o  a t o t a l  of 1.5 f u n c t i o n a l  groups p e r  
molecule  for t h e  whole hydrolyzed product .  F r a c t i o n s  5 and 
t h e  r e s i d u e  are even h igher  i n  t o t a l  f u n c t i o n a l i t y :  b o t h  
have 1.9 groups pe r  molecule. 

One must be q u i t e  c a u t i o u s  about  t a k i n g  t h i s  t y p e .  
o f  f u n c t i o n a l i t y  de t e rmina t ion  too l i t e r a l l y ,  because  t h e  
q u a n t i t i e s  i nvo lved ,  e s p e c i a l l y  t h e  n i t rogen  a n a l y s e s ,  are 
q u i t e  s m a l l .  The  u s u a l  accuracy quoted  for a n i t r o g e n  d e t e r -  
mina t ion  is + .3%. Note t h a t  t h e  n i t r o g e n  r e p o r t e d  i n  t h e s e  
samples  was between .27 for f r ac t ion  1 and .50 for  f ract ion 5. 

We have a l so  analyzed some of t h e  hydrolyzed A I B N  
p r o d u c t s  for double  bond c o n t e n t  u s i n g  t h e  W i j s  I o d i n e  
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TABLE IV 

~~ ~ 

S amp le 

gms. obtained 

wt. x 0 
Wt. 7. N 

Rn 

Neut. Eq. 

Nit. Eq. wt. 

ox. Eq. wt. 

Eq. wt. 

C(MH/mol. 

?I/mol. 

O/mol. 
non-COOH 
O/mol. 

CN/mol. 

Total* 

~ 

CN Term, 
Precursor 

1209 

.88 

6.75 

385 

- 
207 

1820 

-420 

- 
1.86 

.21 

.21 

H.9 

- 
* See text for explanation 

- 
1 

289 

12.57 

1.61 

234 

4 10 

872 

12 7 

- 

- 
.57 

.27 

1.84 

.70 

- 
1.3 

I 
2 

14 7 

12.14 

1.65 

2 96 

360 

850 

132 

- 
.82 

.35 

2.24 

.60 

- 
1.4 

st illat 
3 

15 7 

11.00 

1.68 

380 

358 

835 

145 

- 
1.06 

.45 

2.62 

.50 

- 
1.6 

on Fra 
4 

103 

9.97 

1.42 

436 

43 1 

988 

160 

- 

- 
1.01 

.44 

2.73 

.71 

- 
1.7 - 

38 

8.73 

1.34 

5 18 

567 

1048 

183 

- 
.92 

qn 

2.84 

1.00 

.a" 

- 
1.9 

- 
R 

336 

6.28 

.86 

802 

645 

1630 

255 

- 
1.24 

.49 

3.14 

.66 

- 
1.9 

- 
camp 
1070 

9.92 

1.35 

372 

450 

1039 

16 1 

- 

- 
.83 

? A  . UY 

2.31 

.65 

- 
1.5 - 
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monochloride t i t r a t i o n  method. For example, hydrolyzed 22-EMS- 
50 had a C=C e q u i v a l e n t  weight o f  1600, co r re spond ing  t o  
about  . 23  C=C per  molecule.  

V I .  PLANS FOR FUTURE WORK 

I n  t h e  next  q u a r t e r  w e  p l a n  t o  c o n t i n u e  ou r  d i s u l f i d e  
t e l o m e r i z a t i o n  s t u d i e s  u s i n g  t h e  d i m e t h y l  ester o f  d i t h i o g l y -  
co l i c  acid as t e l o g e n ,  and w e  w i l l  f i n i s h  t h e  e v a l u a t i o n  o f  t h e  
p roduc t s  p repa red  w i t h  t h e  o t h e r  d i s u l f i d e  t e l o g e n s .  

We w i l l  a l so  con t inue  our  e f f o r t s  t o  c o n v e r t  t h e  
c h l o r i d e  and t r i c h l o r o m e t h y l  end  groups o f  t h e  CC14 telomers 
t o  u s e f u l  f u n c t i o n a l  groups.  

- 18 - 
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